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Synthesis protocol 
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Mg(xwt%Fe)AlO4 = “xFe” supports 
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One-pot synthesis 
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Literature: Until 21wt% Fe is incorporated in the magnesium aluminate lattice [1] 
[1] Dharanipragada, N.V.R.A. et al. J. Mater. Chem. A, 2015. 3(31): p. 16251-16262. 
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In-situ characterization: XRD 
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Oxygen 
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In-situ characterization: QXAS of support 
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In-situ characterization: QXAS of catalyst 
(A) (C)T = 300 K 
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“Ni/5.0Fe” catalyst at Fe K-edge “Ni/5.0Fe” catalyst at Ni K-edge 
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In-situ characterization: QXAS of benchmark 
“Ni-5.0Fe/0Fe” catalyst at Fe K-edge “Ni-5.0Fe/0Fe” catalyst at Ni K-edge 
T = 300 K 
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Fitted 
spectrum 
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H2 reduction 
88% of Fe in 
metallic state 
82% of Ni in 
metallic state 
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Activity tests 
Conditions activity tests: 
• Temperature: 1023 K 
• Pressure: 111.3 kPa 
• CH4/CO2= 1/1 
• Space time: [0.3 – 1.0] kgcat s molCH4
-1 
• TOS= 2h 
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𝐶𝐻4 + 𝐶𝑂2→ 2CO + 2𝐻2 
Fe+2 
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Stability tests  
Conditions for stability tests: 
• Temperature: 1023 K 
• Pressure: 1.1 MPa 
• Space time: 0.3 kgcat s molCH4
-1 
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Catalyst After TOS [h] 
Deposited carbon 
[molC kgcat
-1] 
“Ni/0Fe” 12 1.1 x 103 
“Ni/0.5Fe” 49 Under detection limit 
“Ni/1.0Fe” 66 Under detection limit 
“Ni/2.5Fe” 12 Under detection limit 
 More than 50% deactivation for 
Ni/2.5Fe sample over 50 h TOS 
 Even small amount of Fe incorporated in the 
support lattice suppress carbon deposition 
during DRM. 
AIChE, San Francisco, USA, 16/11/2016 
[2] 
[2] Theofanidis, S.A., V.V. Galvita, H. Poelman, and G.B. Marin. ACS Catal., 2015: p. 3028-3039. 
Oxygen mobility of the support 
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• Mechanical mixture of the support material and 
commercial graphite: weight ratio 3:1. 
• Temperature program treatment under inert 
environment (Ar). 
 CO formation from 1000 K, while up to  1173 K 
0.005 molCO ·kgcat
-1 produced. 
 No complete oxidation of graphite was 
observed. 
 MgFeAlOx support actively contributes to the suppression of carbon formation 
during DRM. 
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Conclusions 
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• Fe-Ni alloy formation during reduction of Ni/MgFeAlOx: Fe delivered 
from the support > 1000 K during H2-TPR. 
• ~50% of Fe remains within the MgFeAlOx support after H2-TPR: 
 Responsible for good redox properties. 
• 0.5 wt% Fe has an optimal impact on catalyst activity from the 
 studied samples. 
• No carbon deposition (under detection limits) in case of MgFeAlOx.  
• High oxygen mobility of MgFeAlOx support: assists in carbon removal 
during DRM. 
• Lower cost price of MgFeAlOx compared to supports with oxygen 
mobility like CeO2. 
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